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(54) CLAVAM DERIVATIVES 



(71) We, GLAXO LABORATORIES LIMITED, a British Company of 
Greenford, Middlesex, England, do hereby declare the invention, for which we 
pray that a patent may be granted to us, and the method by which it is to be 
performed, to be particularly described in and by the following statement: — 
5 This invention relates to novel antibiotic compounds and to a process for their 

production. 

Fermentation of Streptomyces clavuligerus, and in particular strain NRRL 3585, 
is known to produce a number of antibiotic substances and British Patent 
Specification No. 1,315,177 describes and claims the cultivation of Streptomyces 

10 clavuligerus strain NRRL 3585 until a substantial amount of two /J-lactam 
carboxylic acids, referred to as Antibiotics A 16886 I and A 16886 II is produced. In 
German OLS 2,604,697 we have described the isolation from such fermentation 
broths of a further /J-lactam carboxylic acid, clavulanic acid. 

We have now been able to isolate from fermentations of strains of Sterptomyces 

15 clavulixerus further /Mactam compounds which have been found to possess 

antibiotic activity. 

The compounds of this specification are named with reference to "clavam", the 
name given to the parent heterocycle of formula A 



10 



15 



20 by analogy with the term "cepham" used in the naming of cephalosporin 

compounds in J.Amer.Chem.Soc, 1962, 84, 3400. 

According to one aspect of this invention, therefore we provide a compound 
of the formula (I) 



20 




(I) 



25 



wherein R represents a hydroxymethyl group, said compound in deuteroacetone 25 
exhibiting the 100 MHz proton n.m.r. t values shown in Table 1 herein, and the 
corresponding compounds in which R is a formyloxymethyl group or a carboxyl or 
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salts ri thereof rb ° Xyl gr ° UP a " d ' tHe CaSC WherC R represents a carboxyl group, 

TABLE I 

< t value T va i ue 

5.58(mult ip let)(!H) 6.32 (broad singlet) (2H) 
5.77 (broad singlet, 

exchanges with D 2 0) ( 1 H ) 6.72 (dd, 2 .5 Hz and 1 6 Hz) ( 1 H) 

6.14(dd,7Hzand I1.5Hz)(lH) 7.29 (d. 16 Hz) (1H) 

It is believed that the t values given in Table 1 and in Tables 2 and 3 
hereinafter are subject to an experimental error of 0.05 

It should be noted that although the stereochemical configuration of the 
compounds of the invention is not known, the stated t values in Table I are 
characteristic of the particular configuration existing in the compound of formula 
(I) in which R is hydroxymethyl and all the compounds have the same 
configuration at the 2 and 5 positions. 

Compounds of formula (I) in which R is hydroxymethyl, formyloxymethyl or 
estenfied carboxy show useful and antifungal activity; the compounds in which R 
is carboxy and salts thereof are primarily of use in preparing active esters 

The salts according to the invention include salts with inorganic bases, such as 
alkali metal salts, e.g. sodium, potassium and lithium salts; alkaline earth metal 
salts, e.g calcium and magnesium salts; and ammonium salts, as well as salts with 
organic bases, for example amine salts. 

rfi«JM^J35SgS £S an SSKS* 

si^caa •stsszzsr™" forms of the parent A^ssts 

substituted t ilkJS r S^iE„S ay represen r t * straight or branched unsubstituted or 
examoE 1 methvT I Xv^L^T' prefer ably having the 1-8 carbon atoms, for 
arouW I u !? y1, , Pr u Py ' °J ls °P T °Pyl< butyl, sec-butyl tert-butyl or ally! 

group, desirable substituents being, for example, alkoxy, e.g. methoxy haloeen e 
fluorine, chlorine, bromine or iodine; cyano; acyloxy e.g. alkanoyloxy fuch as 
t X L 0 L P r al0y '? Xy ', 0r flkoxycarbonyloxy, such ak ethoxycarbonyloxy " acyl 
e.g. p-bromobenzoyl; and alkoxycarbonyl, e.g. ethoxycarbonyl- * 
^ o a 3 hJ ^ group having up to 20 carbon atoms, especially an'arylmethyl group 
"? yl or substltued >enzyl group, suitable substituents being eXer halo e e' 
chloro; nitro, e.g. o or p-nitro; cyano; alkoxy eg o-methoxv or alkv ? J n m^th'Si 

subSed e a ^ r ethy J,u g T Up - the hete j;o-cyclic groups of which may also be 
suostitued e.g. by a C,^ alkyl group, pereferably methyl- 

an aryl group having up to 12 carbon atoms, e.g. a phenyl or substituted nhenvl 

SJ T* b J e m S e U t b ho itUentS *}?!* ha '°' e * ch, ° ro = nitro e R /- orTnUrol $SE 
alkoxy, e.g. p-methoxy; or alkyl, e.g. p-methyl groups; 

Qr a cylcoalkyl group containing not more than 12 carbon atoms, e.g. adamantyl; 
J\^ ter °r Cyclic 8ro . up cont aining riot more than 12 carbon atoms the hetero 

specirum 01 a solution of this compound in deuteroacetone revealed t valuer « 

Sawmgs" Table 1 the fuH spectrum being shc > wn in ^o?3?l2!^3!s; 

ch The compound of formula (I) wherein R represents a formyloxymethyl eroun 
af shown d i e n U V e able h 2. r0f0rm SOlUti ° n T Va ' UeS ' a the 100 MHz SSSPSSSeSSS 
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35 



40 



45 



t values 
1.92 (sXJH) 
5.43 (multiplet) (In) 
fiOOfdd 7 Hz, U.5Hz)(lH) 
6.70 (dd. 2.5 Hz, 16 Hz) (1H) 
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TABLE 2 

t values 

4.68 (d, 2.5 Hz) (1H) 

5.76 (3, 4 Hz) (2H) 

7.20 (dd, 6 Hz, 11.5 Hz) (I H) 

7.19 (d, !6Hz)(lH) 



The compound of formula I in which R Jy^^^TSS^^ 
SlSrfflK SK^f^i IMV of the compound m 
SthyTsulphoxide is negative, namely -352 . 



TABLE 3 



50 



55 



60 



peak 
2.69(s)(10H) 
3.08(s)(lH) 
4.53(d,3Hz)(lH) 
5.10 (dd, 5 Hz and 8 Hz) (1H) 



5.85 (dd, 8 Hz and 12 Hz) OH) 
6.94 dd, 5 Hz and 12 Hz) H) 
6 71 (dd, 3 Hz and 16 Hz)(lH) 
7.15 (d, 16Hz)(lH) 
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r alkvl esters, for example tne 
Ester. KcorfiM to the taventiM..* the C.-.allc^ >dro „ m «hyl or 

methyl ester, and the compounds I is * cn ts fu alac ( ivUy , for example 
formyloxymethyl group have been ^"g^," Jeyhlae. Sacckoromyca 

"'T^.weturtberprovidja^ 

carrier or diluent. „„„u the methvl ester, and the compounds 

The esters of the '^^^^^^^S^ further been found 
in which R is a hydroxymethy I or Tormy fg^gens, for example Botryus aUn 
to have activity against a ™***J§^J^^£vcrtidWum sp. (tomato wilt), 
(onion neck rot), Cercospora me *°™^Xi?R^ SCU! ?' 
Fusarium graminium i**^"^ 1 ^^ 1 *^^^^!^ coccodes (tomato 
Altenaria brassicicola (cabbage black spot), u« ea r? t) ^M>.va 

anthracnose), ,p g^L ^ (^« on bo " d,sease £ 

*OKj*ii (cotton boll disease) fg^JJJ 1 ^ insec t pathogens, for example 
indfttfflriiim ox^ram tf^^^^XSSS shown activity against the plan 

B^^iSS^^Sy* « insert palh08e " EMom ° P 

virulenta. , p . a hvdroxymethyl or formyloxymethyl group 

^'SS^^JgS^ttkSS «sed U, human 

.„d^„«ra 

one or more pharmaceutical carriers or exc »P^"" . Such compositions may 
tooici rectal, intravaginal or parentei ral "f^^^uShi maybe formulated 
boused together with ^^^^S^SSStm external applications 
in conventional manner. Thus ^"^gJ^J media in the form of convent.onal 

E S^S^-S^ £"» CSt preferably 
la?n e rS^K^SS of 0, to 95 % by weigh, 

advantageously 0.5 to 40%. . . anti f un gal compounds according to 

Fo ^horticultural oi ■agricultural us » * e . a ™ lu, d g esired way. Generally, such 
the invention may be formulated for use m an> ' a & 
formulations will include the fompomjiui assoc ^ aid th apphcatl0 n of 

diluent Such carriers may be liquid or sot a anu * applied or to provide a 
The compound either by way of d. spers. g t where it ^ Reparation. Thus 
formulation which can be made! by »J »« r as, for example, dusts 

^TgTa^ and miStS ^ COnVenU ° nal 
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these formulations, the concentration of active material is preferably between 0.1% 
and 40% by weight. 

The antifungal compounds of the invention may also be of use as storage 
.preservatives in certain materials, for example, food, wallpaper paste, paint or 
petrol, or in beer and wine to prevent undesirable fermentation. In addition, the 
compounds may be of use as seed dressings. 

The compounds of the invention may be isolated from a fermentation broth 
prepared by culture of a strain of Streptomyces clavuligerus. 

Particularly useful strains are Streptomyces clavuligerus strain NRRL 3585 and 
mutants thereof. We have found strains NCIB 11260 and NCIB 11261 to be 
especially useful. Strain NCIB 11260 is a single colony isolate from strain NRRL 
3585 having essentially similar morphology to NRRL 3585, as described in British 
Patent Specification No. 1,315,177. Strain NCIB 11261 also has essentially similar 
morphology to strain NRRL 3585, except that it requires uracil for growth. 

As used herein, the term 'mutant' will include any mutant strain which arises 
either spontaneously or as a result of the action of an external agent, which may be 
either deliberately applied or otherwise. Mutant strains may be produced by a 
variety of methods including ionising radiation, chemical treatment and genetic 
techniques, such as those outlined in Techniques for the Development of Micro- 
organisms by H. I. Adler in "Radiation and Radio-isotopes for Industrial 
Microorganisms", Proceedings of the Symposium, Vienna, 1973, p. 241, 
International Atomic Energy Authority. 

In the preparation of NCIB 11261, we used y-radiation, e.g. of about 80 
kilorads, NCIB 1 1261 has been found to show a requirement of uracil for growth, 
and the yield of the compounds of the invention has been found to be dependent to 
some extent on the amount of uracil present in the fermentation medium. It is 
preferred that the level of uracil is not greater than 200 /ug/ml of broth, and 
preferably from 5 to 125 A*g/ml. 

The production of a compound of formula (I) wherein R is hydroxymethyl, 
formyloxymethyl or carboxyl or a salt of a compound in which R is carboxyl by 
fermentation of Streptomyces clavuligerus may be effected by conventional means, 
i.e. by culturing the Streptomyces clavuligerus in the presence of assimilable sources 
of carbon, nitrogen and mineral salts. Where a compound of formula I in which R 
represents an esterified carboxyl group is desired the corresponding compound in 
which R is carboxyl may be esterified either after isolation of the clavam carboxylic 
acid or in situ followed by isolation of the desired ester. Cultivation will preferably 
be carried out by submerged culture under aerobic conditions. 

Assimilable sources of carbon, nitrogen and minerals may be provided by 
either simple or complex, nutrients. Sources of carbon will generally include 
glucose, starch glycerol, molasses, dextrin, lactose, sucrose, carboxylic acids, 
alcohols, for example, methanol, H-paraffins and vegetable oils. 

Sources of nitrogen will generally include soyabean meal, corn steep liquors, 
distillers solubles, yeast extracts, cottonseed meal, peptones, casein, amino acid 
mixtures, ammonia (gas or solution), ammonium salts or nitrates. Urea and other 
amides may also be used. 

Nutrient mineral salts which may be incorporated into the culture medium 
include the generally used salts capable of yielding sodium, potassium, ammonium, 
iron, magnesium, zinc, nickel, cobalt, manganese, vanadium, chromium, calcium, 
phosphate, sulphate, chloride and carbonate ions. 

An antifoam may be present to control excessive foaming and added at 
intervals as required. 

Cultivation of the Streptomyces ciavuligerus will generally be effected at a 
temperature of from 20° — 32°C preferably of from 25 — 30°C, and will desirably 
take place with aeration and agitation, e.g. by shaking or stirring. The growth 
medium may initially be inoculated with a small quantity of sporulated suspension 
of the microorganism but in order to avoid a growth lag a vegetative inoculum of 
the organism may be prepared by inoculating a small quantity of culture medium 
with the spore form of the organism, and the vegitative inoculum obtained may be 
transferred to the fermentation medium, or, more preferaby to one or more seed 
stages where further growth takes place before transfer to the principal 
fermentation medium. 

In a preferred embodiment of the fermentation a slope of Streptomyces 
clavuligerus may be used to inoculate a medium comprising sources of assimilable 
carbon, e.g. sucrose and/or glycerol, assimilable nitrogen, e.g. tryptones and/or 
complex mixtures of assimilable carbon and nitrogen, e.g. distiller's solubles and/or 
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yeast extracts, and nutrient minerals. Where a compound of formula I in which R is 

a hydroxymethyl or formyloxymethyl group is desired a slope of Streptomyces 

clavuligerus NCIB 1 1261 is preferred but a slope of Streptomyces clavulizerus NCIB 

1 1260 is preferred where a compound of formula I in which R is a carboxyl group 

or an ester or salt thereof is desired. In the case of strain NCIB 1 1261, addition of 5 

uracil may be necessary. This medium may be allowed to grow for up to 3 days at 

from 25 — 30°C with agitation. 

The inoculum thus formed may then be used to inoculate (in a quantity of up 
to about 10%) a nutrient medium containing simple or complex sources of 
assimilable carbon and nitrogen, and minerals, and in the case of strain NCIB 10 
1 1261, uracil. Growth will desirably be carried out at from 25 — 30°C with agitation 
and aeration, in one or more stages. The final fermentation stage is normally 
effected in 2 to 10 days. 

The compounds of the invention may be isolated from the fermentation 
medium by conventional isolation techniques. In order to minimise degradation of 15 
the compounds in solution, the pH during isolation is preferably maintained 
between 5 and 7. Thus, in general, the fermentation broth will be subjected to 
filtration, centrifugation and/or other techniques which will remove solid material 
and provide a clear solution containing the three fermentation-derived compounds 
of the invention namely the compounds of formula I wherein R is hydroxymethyl, 20 
formyloxymethyl and carboxyl and/or a salt thereof. It may also be possible to use 
the unclarified broth in certain adsorption-elution stages. The compounds may 
then be isolated by a variety of fractionation techniques, for example adsorption- 
elution, precipitation, fractional crystallisation and solvent extraction, which serve 
to remove other constituents of the fermentation broth and to separate the 25 
compounds of the invention from each other. 

Thus, for example, the fermentation broth from which solid material has been 
removed may be applied to one or more materials which may retain either the 
desired compound or the undesired contaminants. 

Thus, for example, the broth may be treated with an adsorbent carbon on 30 
which all three fermentation-derived compounds of the invention are adsorbed. 
This assists in separating unwanted broth components, particularly unwanted salts, 
from the desired compound. In general, the clarified broth may be passed through 
a carbon bed, e.g. in a column, preferably using just sufficient carbon to adsorb all 
the desired compound usually in a ratio of about 1 part by volume of carbon to 3 — 35 
10 parts by volume of clarified broth. 

The desired substance may then be eluted from the carbon with an aqueous 
water-miscible organic solvent, e.g. an alcohol, such as ethanol or isopropanol, or a 
ketone such as methyl ethyl ketone, methyl isobutyl ketone or, preferably, acetone, 
advantageously at a concentration of from 30% to 95% ketone, preferably 50 to 40 
70%. Before elution, the carbon is preferably washed, e.g. with water, to remove 
non-adsorbed broth components. 

In another procedure in which the hydroxymethyl and formyloxymethyl 
compounds of the invention are retained on adsorbent material, the unclarified or 
clarified broth may be passed through a suitable resin, e.g. a non-ionic resin such as 45 
the polystyrene resin XAD-4 (Surface Area 750 mVgm; Average Pore Diameter 50 
A; Porosity 0.50 to 0.55 ml pore/ml bead; sold by Rohm & Haas (UK) Ltd. 
Croydon, England). The resin will desirably be washed, e.g. the water, to remove 
impurities without eluting the desired compounds and the desired compounds may 
then be eluted. In the case of XAD-4 resin, a suitable eluant is an aqueous solution 50 
of an alkanol, e.g. methanol, or a ketone, e.g. acetone. 

Alternatively, the clarified or unclarified fermentation broth or other solution 
containing one or more of the compounds of the invention in an aqueous medium, 
which may contain a water-miscible solvent, may be applied to an adsorbent, e.g. in 
a column, which does not retain the particular desired compound of the invention 55 
but which retains a significant quantity of other material, which may include 
unwanted compounds of the invention. In one embodiment of this procedure, an 
aqueous solution containing the desired hydroxymethyl and/or formyloxymethyl 
compounds, e.g. the clarified or unclarified broth or the solution in an aqueous 
water-miscible solvent (e.g. acetone) obtained as eluate from adsorbent carbon as 59 
described above, may be passed through a column of an anion-exchange resin. Where 
present, the acid according to the invention and other acids (such as clavulanic 
acid) will be retained while the formyloxymethyl and hydroxymethyl compounds of 
the invention are not retained. The resulting solution may then be subjected, if 



required, to further fractionation. As described in detail hereinafter, the acid of the 
. invention or a salt thereof may be subsequently eluted from the resin 

The anion exchange resin will generally carry amino groups (weakly basic) or 
quaternary ammonium groups (strongly basic). The resin may for example "be I 
polystyrene, polyacrylic, epoxy-polyamine, phenolic-polyamine or crSinked 
dextran resin and may be macroreticular or microreticular The term 'resin' is used 
herein for convenience also to include cellulosic derivatives and the above dex"ran 
derivatives which are derived from naturally occurring polymers^ Typiwl weakly 
S C '° n . C ^ Chan8e re ? ,ns Tl ud ? Amberlite IRA 68 (Microreticular: polyaJryla^e 
SZFXTm S) ' and Amb . erlite IRA 93 (Macroreticular polystyrene SoS 
ft W J2 n *£ n ^»« a mino groups) both sold by Rohm & Haas 

««.»I P -- ai,0t ^ r emb L od j. m ! nt ' th e clarified or unclarified broth or other solution 
^S?™»ff-n^ h ^^ ,Xy,neU, y , and/ ° r - f o™yloxymethyl compounds of he 
Surface AreJ 330 A™ a & n0n -' 1 0n,c e *- the polystyrene resin XAD-2 

»'o£S3&2 c C o°mp P onen d i 0f '~ K 381 ^ 
™ In a ^ St, r [ u 1 her alternative, the hydroxymethyl and/or formyloxvmethvl 
compounds of the invention may be extracted into a water-immiscible soK c l 
an ester solvent such as ethyl acetate or an alcohol such as butanol Such extraction 
fi££X "PPM.to the clarified or unclarified broth, or to the equate o efnuents 
from the foregoing adsorption-elution procedures, if necessary after removal of ««« 

J.™" 6 . -m i? 5—8 ', th r e acid according to the invention and similar acids where 
present, will be in salt form and will remain in the aqueous phase As indSted 

SfJSSSd!'" 0t treatmem 31 3Cid PH CnableS the acid of '"ventlon to be 
it m I?u Pe J mit e * traction in to a suitably small volume of water-immiscible solvent 
DreS^ S'^T^ 6 S ?' Uti °^ e " S " b * evaporation under reduced 
extraction concentration of a salt such as ammonium sulphate assists the 

^ The desired compound of formula (I) wherein R represents a hydroxymethvl 
or formyioxymethyl group may be further purified by chromatography? g *™ sttca 

(Told" t^SS^uP^^^ deXtra " SUch aS Sephadex On LH20 
;«i..ti^ y ^ril U -?" L Ltd ) - { Se Phadex is a registered Trade Mark) The 

solution of the compound obtained from the previous purification stage may be too 
dilute for application to the column and may conveniently be concentrated bv 
evaporation under reduced pressure. y concentrated by 

The column carrying the desired compound may then be eluted for examnU 
using a solvent of suitable polarity. In the case of silica colu^reth^l aSe 
containing a hydrocarbon e.g. hexane or toluene, may be used to elute the 
formyioxymethyl compound and the same solvent mixture or ethyl acetate alone 
may be used to elute the hydroxymethyl compound In the case of Seohadex I H20 
a suitable eluant is ethyl acetate alone'ln general, the "firS fractfons *5uSd coS 
predominantly the compound of formula I in which R is a fol^myloxymeSyl groin 
the^aterTrSns 1 WhiCh R " a ^roxymethyl group is eluted in 

evaporated* ^^dS^X^d*^ C ° mP ° Und C ° mbi " ed and 

By a suitable combination of the foregoing procedures the comDounds in 

Sow^o?^^^^^ 

unstable "and [ JL ^JS^?""^ F™?™'- in this form the compounds are 
unstaoie and are best stored in solution m water or organic solvents 

hvdr A , S v^ a . ted ^° VC ' , the ad t ? f the invent ion can be separated from the 
SoKtton of rt£ fo r a m yJ°^ m ethyl compounds and other broth components by 
application of the clarified or unclarified broth or other aqueous solution 
S3 ^1nTh d e a s n a d t°fo a r ,t th «"> f "an *nion exchange resin'uch ares is 
2" ie " t ' y tl m the . s alt form, e.g. the chloride form. The acid of the invention 
SSSfc J ogetber WIth one or more other /3-lactam carboxylic acids notably 
clavulan.c acd, may then be eluted from the ion-exchange resin con venlemly 
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using an aqueous solujior .of " , .salt ^^£,^^2 
SeUthiumsaUofo^ 

IS be concentred, advantageously to a molarity of l.th.un . salt of ^bout S_l£ 

the acid of the invention may be eluted with an aqueous eluant. followed by 

mav be^dvfntageous to include in the eluant a water-miscible organic solvent at 

hSh concenSn. Alternatively, after elution in the absence of such; » 

thfs can be added to the eluate to precipitate eluted impurities and I the precip tate 

thcrSw to remove salts by a preliminary adsorption of the active materials onto 

compound of the invention from minor amounts of impurities wnicn may na e 

alCOh Ate S rn C a h tiv1ly Impair extraction can be used, for example by extracting the 
w.ueoSSSSf'cSKing the desired acid and/or -»lt i thereof, -tha solution of 
an amine in a water-immiscible solvent (e.g. a hydrocarbor i such as ^xane or 
kerosene or a halogenated hydrocarbon such as methylene chloride). The amines 
we preferably water insoluble, for example, carrying one or more long-c ham 

acid pH of the system may be achieved by addition of a mineral acio sucn 

into in aquSu medium containing alkali. lf an amine is present ,n the solvent 
phase the aqueous medium may be an aqueous salt solution 

^^^AW5Sf'?««"^ b. — . for 
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example using a solvent of suitable polarity, eg in the case of ,u , 

acetate containing a hydrocarbon such J haxan" oMohfeSe ". lKa «*""■»• «M 

and ^'de*^^^ 

2ff22£T&*5. ftST may ,hen be "* h a 

theinvention. Thus, for example, the sodium salt of the desired acid can he SuSt 
a.Mro.25M 0d,Ura Cl " 0rida " 8radUa " y '""'^ S"" , mton%* e 'f U „m 
Eluted fractions containing the desired compound in salt form toother u,.th 
retain* fh" Hnt Sah - Wi " desi ^ b ? y be combined and'appHed o a cXmXh"h w H 
th^h™..2^if matenal , in the P r «ence of excess salt but allow £122 
carboi EllLn S%hf c CeSS | Salt - A su ^le material for this purpose S adsorbent 
friZZS' ? ' S co,u J nn ma y be effected with an aqueous water-miscible 

solvent, e.g. a ketone such as methyl ethyl ketone, or preferably acetone 

^ofTe'jtfS a h"v d C ° mbin ? d and 3 Sa,t of 'the inveS .^tainedby 
Zh°l lu so !^ en ^ r e g - b , y eva Poration or lyophilisation. y 
Where the acid of formula I or a salt thereof has been isolated but an ester 
thereof is required, the acid or salt may be subjected to SerifiSSon Similar^ 
where a particular ester has been isolated but another eLr is requ red' thT nk ai 
ester may be deestenfied and the acid then reesterified In this latter cLl the 
arSethyr r gr f o r up. ,n8 gr ° UP Preferab,y be readi * removaVlfluch^s 'SS 

dee S t S e rSr a d ;!; e n St f ril ii CaUOn may conve "iently be carried out by reductive 
JfifK techniques using esters susceptible to reductive cleavage, eg 
arylmethyl esters such as benzyl, benzhydryl, trityl or p-nitrobenzyl esters Such 
reductive deestenfication may be carried out by. for cnmplT^Soi^MsTm 

rhodium. The catalyst may be supported, e.g. on charcoal or kieselguhr In the case 

fe rusi^Tinf 1 " 5 ' ^Y 518 !. may bC CffeCted b * reduction of the „ tro grouj 
kn.^nnc Lrfif^T 8 metal reducin * agent such as zinc in acetic acid or zinc in 
aqueous tetrahydrofuran or acetone controlled in the pH range 3—6 preferably 
4— 5.5, by the addition of aqueous HCI; aluminium amalgam in a moist ethe e i 
tetrahydrofuran; or iron and ammonium chloride in an aqueous e her such fs 

condZ'n e or a t ydr °K fUram) f ° ,ioWed by ^her ^nder the reducVion 

conditions or by subsequent treatment with acid 

a .iH f kyl a,kox y a, M a "d aralkyl esters may be prepared by reaction of the 
acid of formula I with the appropriate diazoalkane or diazo-aralkane J » 
diazomethane or diphenyldiazomethane. The reaction wH conveniemlv be 
ffft£i d £ a K e / her ,' alc0 a h01 ' ketone ' ester or halo-hydrocarbor^ ^solvent eg 

The T e ^;r b H ta " 0, H^ ethy, - S0 ^ Ut , yl ketone ' eth y' acetate or dicnlorometnane 5 ' 
The esters derived from alcohols may be produced by reaction of a reactive 

n e " v f ve °f ^e alcohol, for example, a halide such as the chSfde brom.de or 
Iou' de r a°, r a hydrocarbon-sulphonyl derivative such as a mesyl or tosyl ester wUh a 
khium sncfium ° f * rmu,a Ia «* an alka " or alkaline earth metKt such S a 
ith urn, sodium, potassium, magnesium or calcium salt, or an amine salt such as 

Im^l^nWeT SaU - This ™ c «™ « Preferably carried out in a sulphoxidS or 
heTam%thythos P ho^ sulphoxide, dimethy.formamide or 

wil, n^Td?^ and is °' aai °" 

In the Examples which follow the following steam-sterilised media were used: 
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In relation to infrared spectra the symbols s, m and w refer to strong, 
weak intensity respectively. 



medium and 



Med SoTa > bean meal 5 g/l, yeast extract 5 g/1, tryptone 5 g/1. K 2 HP0 4 0.2 r/I. glycerol 
10 g/1 and tap water to 1 litre. 

Med g,yc?rol 35 g/l, citric acid 1 .5 g/l, L. asparagine 6 7 R/l, MgSO, 7H,0 0 .5 g/1 
Kupo 0 21 eA KH,PO. 0.42 g/U CaCl, 0.2 g/1, ZnS0 4 .7H,U u.w R/i, 
FISO, 7H°0 0.03 r/ U MnS0 4 .4H 2 0 6.1 g/1 and distilled water to 1 litre. 

Med s!!SrSe 20 r/1, distillers solubles 15 g/1, yeast extract 0.2 g/1, K 2 HP0 4 0.2 r/I. 
tryptone 5 g/1, glycerol 10 g/1 and tap water to 1 litre. 

Med Soya D meal (annulled) 30 g/1. ferric sulphate 0.1 g/1. KH 2 P0 4 0.1 g/1 soluble 
starch 47 efl T silicone ant foam emulsion 0.05 (% v/v) and tap water to 1 litre 

The siUca used in column chromatography procedures is Woelm s.hca (activity 
grade III). 

Example 1 
2-Hydroxymethyl-clavam 

a) F ?,^S; IS^Kn te'S TSKS maintained on mal, agar slopes 
. (malt £«aS £ «A yaasl extraet 5 g/1; agar 15 g/1: adjusted to pH 7.8) grown for 2 

at 220 rev/min. 

W "S'rX isn oSedraHbov'* waT centrifuged and !he supernatant applied to 

T^r e xVra^fweTcombined P dried over sodium sulphate and evaporated to 
d ^ n Th S e U r n esrdu r e ^Is'oTved in a little ethyl acetate silica added and the mixture 

& 983 m 9^8 m 9?0 w 848 m and 822 w. The 100 MHz proton nmr spectrum 
if a solutio™ in dTuteroac'etone is shown in Table 1. A field desorpt.on njass 
spectrum gave a peak, at m/e 143, corresponding to a molecular s we.ght ot 143. 
The infrared and nmr spectra are shown m Figs. 2 and 1 respectively. 

Example 2' 
2-Hydroxy-methyl-clavam 
Broth (21) prepared as in Example 1(a) above was centnfuged and the 
supernatant applied to a column containing XAD-4 resin (bed height 50 cm 
diameter 2 5 cm). The resin was washed with water, then eluted with methanol- 
wat« (1:1 Dy vol.). The eluate was evaporated under reduced pressure to an 

aqUC The aqueou"' solution (50 ml) was extracted with 4x50 ml ethyl acetate and the 
extracts were combined, dried over Na 2 S0 4 and evaporated under reduced 

PreS Tne iesiduew^dissolved in a little ethyl acetate, silica was added and the 
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mixture evaporated under reduced pressure The r«..ito„» a Z 

were combLd a^va'ora^fo MSjffSSia*" ^ 

. TLC Portions o^p^X^bSSJg fflF rti « . k 
g.ven below. Assays were'by o^a^a 



Rf 
0.79 



Solvent SuDoort 

Sacelate gg| ( ° ,mm backed) 

Chloroform ?Sf° (plaStic backed > O40 

-r . Merck 60 a j£ 

Toluene EK6061 0; 04 

_ . . , Merck 60' ° 

Toluene-ethyl acetate EK6061 0 

^ (1:1) Merck 60 £41 

Toluene-methanol EK6061 018 

(9:D Merck 60 °f° 



0.15 



(E. Merck is a registered Trade Mark) 



absorb with" i d r P 2 S 70° nm" N ^*«SlSoIic solution resu.ted in a strong 
j The mfrared and nmr spectra were similar to those of the product of Example 

Example 3 

a) Inoculum development ^"^^ethyl-clavam 

The contents of three of the florence flasks f3x ISO ml i 7* 7\ 8 i 1 ' ' 

6 Tw«^r enters each —asssa a^^aTis 

rev/m^S S^TXi^ ^ fellers at 750 

150 uSSWi5^j2i*a2s in ,i r 2 ( 0 r ri enters a , re used * 

The vessel was agitated wkh a six Waded 8" imJui^T^V 5 - Steel fer ™"ter. 
420 litre/min for 20 h at 28»C "npeller at 350 rev/min and aerated at 

b) Fermenation 

430 I^«^e2^^%1ff2 n t^ 10 * v/V) — to inocu.ate 
agitated with a six iViSlte at^M ^iSf' fc J meMn J The vessel was 

The fermentation was carried «2ff«S ^SSSXS^J^ 

c) Extraction of fermentation broth 

sulph"?^ 5 ^ adjusted to pH 5.3 with 

filter with a cellulose Drecoat ThJ f nurl?? fixture clarified on a rotary drum 
CAL, .05 0 in columns^Thl^ 

were eluted with aqueous acetone (607 y% % m\ ° the CO,Umns 

The combined eluates (148 I) we're applied to a column of IRA68 resin 



(chloride cycle, 12.4 1). the effluent being collected. The column was washed with 
water (20 1). 



d) Isolation of 2-hydroxymethyl-clavam 

The combined effluent and washings (148 I) from step (c) were concentrated 
in a pot still to 50 1, and the pH adjusted to 7.0 with 40% aqueous sodium hydroxide 
so ution. A portion (25 1) of this concentrate was saturated with ammonium 
sulphate and stirred with ethyl acetate (25 1) for 30 min. After standing for 1 h the 
organic phase was separated, dried with anhydrous magnesium sulphate and 
concentrated under reduced pressure to yield the title compound (46 g) as an oil 

A portion of this oil (13 6 g) was extracted with ethyl acetate (25 ml), insoluble 
material filtered off and washed with a further 5 ml ethyl acetate. Combined filtrate 
and wash.ngs were apphed to a column (bed ht. 53 cm, diam. 5.2 cm) of Sephadex 
LH20 packed in ethyl acetate. The column was eluted with ethyl acetate, 50 ml 
frac ions being collected. Fractions 36—42 were combined and evaporated to yield 
a yellow oil (1.17 g; X max 261 nm E;* m 273, M/10 NaoH). 

a „ f i P ni IO, 5 ° f i\ h ' S °J ] (96 ,° mR) was f ? nher P urified by dissolving in toluene-ethyl 
acetate (1:1 ; 2 ml) and applying to a dry column (bed ht. 23 cm, diam. 2.1 cm) of 
silica powder The column was developed and eluted with toluene-ethyl acetate 
I Jih) a fl f ? Cing ? oIlected ,n J° ml fractions. After 380 ml eluate had been 
collected I the eluting solvent was changed to ethyl acetate. Fractions 45—73 were 
combined and evaporated to give the title compound as a pale yellow oil (220 me) 
i . ne */• a " d n m f- s P ec , tra of the product were substantially the same as those 
obtained for the product of Example 1. The maximum EJ* value reached by a 

sSlphoxide t * e 6 C 6° mP ° Und in M/1 ° NaOH W3S 841 at A -« 259 nm - [aJ " in dimethyl 

Example 4 
2-Formyloxymethyl-clavam 
a) rermentation of Streptomyces clavuligerus strain 

Streptomyces clavuligerus strain NCIB 11261 was maintained on malt agar 
slopes (malt extract 24g/l; yeast extract 5g/l;, agar 15g/l; adjusted to pH 7.8) grown 
for 2 weeks at 28°C. Sterile water (8 ml) was added to each slope and a suspension 
wm'ju , poI i lons °f th «s suspension were used to inoculateeach of four 250 ml 

(p^ adjusted 6 to a 6 I with HQ). 50 ° f MediUm A C ° nta '' nin8 uraciI (, °° 

throat Srf!fMh M S 1, k I ^° n n a "L° tary Shaker at 220 rev /min w5th a 5 cm 
Js?k: a I t h - The shake nask contents were bulked and 0.5 ml portions 

fhnt 5 ' n °H CUlUm "i ed to « no S u ' ate 32x 250 ml baffled shake fiasks conTainmg ?he 
above medium and incubated for 48 h under the previous conditions 120 ml (3V 
v/v) portions of this bulked 48 h inoculum were used to inoculate 6x5 litre 

fddTttonX e ^ h , C?nta,n,ng 4 Ht, i eS °, f M r edium B fP H ad ' usted l ° 7.0 with NaOH) 
additionally containing varying levels of uracil 

below! 16 UraCi ' concentration and the a eration rate in each fermenter is set out 

5 litre Fermenter Uracil concentration Aeration rate 

,°- f*Z/m\ litre/min. 

\ 100 ,. 5 

2 100 3 

3 100 6 

4 50 • 6 
I 35 6 
6 25 6 

bl a dIl h ?mnIfc/ e x men r terS WerC - a « itated at 250 revVmin with 2x3*" diameter 4 
bladed impellers. The fermentations were maintained at 28°C for 94 h. 

b) Isolation of 2-formyIoxymethyl-clavam 

Bulked broth from fermenters 1—6 above (18 1) was centrifueed and the 
supernatant applied to a column containing XAD-4 resin (bed ht 130 cm • dXn 2 8 
500 ' J^Thi" was , washed with wat " W 1) and eluted with ace one w^r 4^') (c 

aoMusTed 7o fiS w 3 ; hToH eVaP h 0 ^ ted i° '?? ml under reduccd Pressure, the pH 
lS»xll»A 8 , with sodium hydroxide, the solution saturated with ammonium 
sulphate and extracted with ethyl acetate (4x 100 ml). The combined extracts were 
dried (sodium sulphate , evaporated under reduced pressure and fth esTdue 
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dissolved in a little ethyl acetate. Silica was added and the mixture evaporated 
under reduced pressure to give a solid which was added to the top of a column 
containing dry Woelm silica (act. grade III; bed ht. 50 cm; diam. 2.9 cm) The 
column was eluted with toluene-ethyl acetate (1:1), 15 ml fractions being taken 
Fractions 4 — 11 were combined, evaporated under reduced pressure and the 
residue subjected to chromatography on silica (bed ht. 30 cm; diam. 2.1 cm), with 

hexane-ethyl acetate (2:1) as eluant, 10 ml fractions being collected. Fractions 17 

23 were combined and evaporated under reduced pressure to give the formyloxy 
compound as a pale yellow oil (137 mg). The infrared spectrum of a bromoform 
solution of the sample is shown in Fig. 3 of the accompanying drawings and has 
peaks (cm" 1 ) at 2915m, 1784 s, 1730 s, 1462w, 1406w, 1392w, 1346 m, 1282 m, 1066 
s, 1034 s, 990 m, 940 w, 926 w and 863 w. A 100 MHz proton nmr spectrum of a 
solution in deuterochloroform had t values as shown in Table 2. 

Broth (50 //l) from 5 litre fermenter No: 6 was applied to Merck silica 60 F254 
plates, glass-backed, and the plates developed with ethyl acetate, air-dried and 
overlayed with nutrient agar containing Saccharomyces carlsberzensis 1738 The 
formyloxy compound was found to have an R f value of 0.89. The formyloxy 
compound was also detected by quenching of fluorescence under u.v. light (254 
nm) after treatment of the developed TLC plate with ammonia vapour. 

Example 5 
2-Formyloxymethyl-clavam 
Filtered broth (25 /zl) obtained as in Example 3 was applied to Merck silica 60 
F254 plates, glass-backed, which were developed with ethyl acetate and air-dried. 
The plates were then saturated with ammonia vapour and the chromophore 
produced on reaction with ammonia detected under u.v. light (254 nm). The 
formyloxy compound was found to have an R f value of 0.85. 



Example 6 
2-Formyloxymethyl-clavam 

a) Inoculum development 

Streptomyces clavulizerus strain NCIB 11261 was maintained on malt agar 
slopes (malt extract 2.4%; yeast extract 0.5%; agar 1.5% w/v; pH 7.8) grown for 2 
weeks at 28°C. Tween 80 solution (8 ml) (Tween is a registered Trade Mark) was 
added to the slope and a suspension made. 2 ml portions of this suspension were 
used to inoculate each of four 250 ml baffled shake flasks containing 50 ml of 
Medium A containing uracil (100 /zg/ml) (pH adjusted to 6.8 — 7.1). 

The flasks were incubated on a rotary shaker at 220 revVmin with a 2" throw, at 
28°C for 48h. 2 ml portions of this inoculum were used to inoculate identical shake 
flasks containing the above medium and incubated for 24 h. under the previous 
conditions. The shake flask contents were bulked and 120 ml portions transferred 
to 250 ml aspirators. These 120 ml (3% v/v) portions were then used to inoculate 5 
litre fermenters each containing 4L of Medium B containing NaCl (0 1 g/1) 
antifoam (0.05% v/v) and uracil (35 /zg/ml), (pH adjusted to 7.0 with KOH). 

The fermenters were agitated at 250 revymin with 2x3+" diameter 4 bladed 
impellers. The fermentations were maintained at 28°C for 24 h. at an aeration rate 
of 6 1/min. 

7.51 (5% v/v) of this 24 h culture were used to inoculate a 230 litre fermenter 
containing 150 1. of the above medium. The fermentation was maintained at 28°C for 
93 h. at an aeration rate of 5 cu. ft/min and an agitation rate of 250 rev/min. 

Further antifoam was added as required throughout the fermentation. 

b) Isolation of 2-formyloxymethyl-clavam 

, .0) ^ arvest broth (133 1) was adjusted to pH 7.0 with sodium hydroxide and 
clarified by centnfugation. To the clear supernatant (114 1) 1/3 volume butanol was 
added, stirred for 30 mins and the phases separated by centrifugation. The aqueous 
phase (118 1) was re-extracted, separated with butanol as before, and the bulked 
butanol extracts (76 1) washed with distilled water (40 1). 

Distilled water (40 1) was added to the butanol extracts and the azeotrope 
concentrated to 1 1 by means of a pot still and evaporation under reduced pressure 
The concentrate was saturated with ammonium sulphate and extracted with 4x| 
volume ethyl acetate. The bulked ethyl acetate extracts (1.95 1) were dried with 
magnesium sulphate, evaporated to 500 ml, dry silica added (Sorbsil M60, 50 e) and 
evaporated to dryness. 
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The solid residue was added to the top of a column containing dry silica 
(Sorbsil M60, 142x3.8 cm) (Serbsil is a registered Trade Mark) and the silica was 
eluted with toluene/ethyl acetate (1:1), 25 ml fractions being collected. Fractions 
38 — 73 inclusive were bulked. 

(ii) Harvest broth (133 1) prepared as in (a) above was clarified by 5 
centrifugation and the supematent (123 1) evaporated to 221 on a pot still. The 
concentrate was adjusted to pH 7.0 with sodium hydroxide, filtered, saturated with 
ammonium sulphate and extracted with 2x| volume ethyl acetate. The bulked 

ethyl acetate extracts (21.5 1) were washed with saturated ammonium sulphate 
solution (5 1), dried with magnesium sulphate and evaporated to 250 ml under 10 
reduced pressure. Sorbsil silica (50 g) was added, the mixture evaporated to dryness 
and the solid residue added to the top of a column containing dry silica (Sorbsil 
M60, 138x3.8 cm). The silica was eluted with toluene/ethyl acetate (1:1), 25 ml 
fractions being taken. Fractions 42 to 60 were bulked. 

(iii) The bulked eluates from (i) and (ii) were combined, evaporated to 15 ml 15 
and applied to a column containing LH20 Sephadex (60x60 cm) in ethyl acetate. 

The Sephadex was eluted with ethyl acetate, 25 ml fractions being collected. 
Fractions 38 — 46 were bulked and evaporated to dryness to yield title compound 
(700 mg) having characteristics similar to those described in Example 4. 

Example 7 20 
Methyl clavam-3-carboxylate 

a) Extraction of fermentation broth 

Harvest broth (520 1, pH 6.7) obtained as in Example 3 was adjusted to pH 5.4 
with sulphuric acid, filter aid (15 Kg) added, and the mixture clarified on a rotary 
drum filter with a precoat. The filtrate was adsorbed on to carbon (Pittsburgh CAL, 25 
105 1) in columns, the carbon was washed with water (70 1) and the columns were 
eluted with aqueous acetone (60% v/v, 135 H. 

The combined eluates (143 1) were applied to a column of IRA 68 resin 
(chloride cycle, 12.5 1).' The column was washed with water (20 1) and eluted with 
5% (w/v) aqueous lithium chloride solution (16 1), collecting the eluate in fractions 30 
of 1 1. Fractions 6 — 15 were combined and cold propan-2-ol (5 vol.) was added with 
stirring, followed by filter aid (500 g) and the mixture filtered. The cake was washed 
with water/propan-2-o! (1:5, 2 — 4 1) and the combined filtrates concentrated under 
reduced pressure to 1/6 volume of combined eluates. The resulting concentrate was 
stored at 4°C for 16 h; during which time a solid formed. The solid was removed by 35 
filtration and washed with 30% aqueous lithium chloride solution (3x50 ml). 

b) Isolation of methyl clavam-3-carboxylate 

Mother liquor and washings from step (a) (2 1, pH 5.8) were saturated with 
about 800 g of ammonium sulphate, the pH adjusted to 3.0 with 11. 4M 
hydrochloric acid and extracted with ethyl acetate (2x 500 ml). The ethyl acetate 40 
extracts containing the ^-lactam acid were combined, dried over sodium sulphate 
and treated with excess diazomethane prepared by the method of Mlejnek (J. 
Chromatog. 1972, 70, 59). 

The ethyl acetate extract was evaporated under reduced pressure, the residue 
dissolved in a little ethyl acetate, silica added and the mixture evaporated under 45 
reduced pressure. The resultant solid was added to the top of a column containing 
dry silica (bed ht. 50 cm; diam. 2.9 cm) and the column eluted with hexane-ethyl 
acetate (1:1 by vol.), 20 ml fractions being collected. Fractions 8 — 14 were 
combined and evaporated under reduced pressure to yield a yellow oil (810 mg), 
which was dissolved in a little ethyl acetate, silica added and the mixture 50 
evaporated under reduced pressure. The resultant solid was added to the top of a 
column containing dry silica (bed ht. 40 cm; diam. 2.5 cm). The column was eluted 
with hexane-ethyl acetate (3:2 by vol.), 10 ml fractions being collected. Fractions 
22 — 28 were combined and evaporated under reduced pressure to yield the methyl 
ester as a pale yellow oil (200 mg). Found: C, 49.1 49.3; H, 5.3, 5.3; N, 7.7, 8.1%; S, 55 
nil. C 7 H 9 N0 4 requires C, 49.1: H, 5.3; N, 8.2%. The infrared spectrum of a 
bromoform solution of the sample showed absorption peaks at 2950, 1785, 1754 and 
1215 cm" 1 . A 100 MHz proton n.m.r. spectrum of the ester in deuterochloroform 
solution had t values of 4.52 (d, 2.5) (1H); 5. 16 (dd, 4.5, 7.5) (1H): 5.88 (dd, 7.5, 1 1 .5) 
and 6.90 (dd, 4.5 1 1.5) (2H); 6.24 (s) (3H); 6.69 (dd, 2.5, 16) and 7.14 (d, 16) (2H) and 60 
this is shown in Fig. 6. 



Example 8 

,• Iso,atlo , n of diphenylmethyl clavam-3-carboxylate 
Mother liquor and washings (2.7 1) obtained by the method described in 

'^S^^I^^oSh^i-W h y droch,oric ™ d and exlrlcted ti h 
...Y-iii 5 r*C \T he com . bined et M acetate extract was dried over sodium 
sulphate and diphenyldiazomethane (40 ml, 0.5M solution in CHXI ) was added 
2rffE? e rfP° rat «d under reduced pressure to 250 ml and Vfurther 60^70 

^„h I h J ^ d,phen ^ d T 0methane s ° ,ution added until ^ere was no evolution of^as 
and the deep red colour remained for about 15 min B ^ 

Silica was added to the ethyl acetate extract and' the mixture was evaoorated 
under reduced pressure. The resultant solid was added to the toTof a column 

Se n 7 5 ^ d ? v ton ( 2 b 5 ed m , ] t > , a 07 t Cn, » 5 ^ a " d e '» ted ^etthy" 

acetate (5.1 by vol.) 25 ml fractions being co ected. Fractions 135—188 were 

mt m reH n « d rr and , the W^'^M ester - which crystallised during cofc fon was 
filtered off and washed with hexane to give white needles (40 mg) The suoernatant 

m aS Bi e v V e a ?h 0ra i e i U ^ er r , ed / UCed preSSU u re and the residue ricrysTallised from toluene 
to give the diphenylmethyl ester as white needles (900 mg) M P 146 7°C iheatino 

of'a Nuiol milW , i^ ,7 ^^ q . UlreS: C - 70 - 6; J F t 5 3: N < 4 3 %- Thc infrare d spectrum 
il^^l^X^^^Si^"^ 1 ^ ^ rade Mark) showed abs °n>tion peaks 
viln ™a \ f?A V^Y 7 A 2 , a S d w^ cm ; a solut »on bromoform gave peaks at 1780 
llfutin^tr™ Sfi. • A 1( ? M ^ z pro . ton n m r spectrum of a deuterochloroform 
(F,R i } haS T Value ? Sh ° wn in Tab,e 3 - A field desorption mass spectrum 
showed a molecular ion peak at m/e 323.3 (expected m.w. for C l9 H I7 NO< 323 16? 

The u.v spectrum of a sample of the diphenylmethyl ester prepared in a 
roMMMnp 0 i h3t d / SCfi ^ d above and dissolved in methanol conSng 1% 
tYea?mem ^ ™ ^ ° f 691 at A "»"*" n ^mediately after alkali 

Example 9 

_.. . , Preparation of sodium clavam-3-carboxyIate 
e th a £,i P nn y n C y J !? tCr J*° mg) P re P a ^d a s in Example- 8 was dissolved in 
SlSShSSw 0 SUrred at r r°?jS tem Perature for 30 min. under hydrogen 1 
atmosphere) in the presence of 10% (w/w) palladium on charcoal (25 mg) and 

Example 10 

n u i *u Preparation of lithium clavam-3-carboxylate 

V 60 ,^ P re P ared J n Example 8 lithium carbonate 
(18.5 mg) and 10% (w/w) palladium on charcoal (50 mg) were stirred in 
ethanol (50 ml) under hydrogen (1 atmosphere) tml^^^^tk^ 
was filtered, water (200 ml) added and the mixture extracted with 

S2n K ^i.- (2x - 100 u inl) - The aqueous ,a ^ r (P H 4 * 8 > was ad i usted S 
pH 6.0 with lithium carbonate and freeze-dried to give the lithium salt (42 mg). The 

infrared spectrum of Nujol mull showed peaks at 3400 
Zvu 3116 ffifTi iw. JS? ^S z , proton nmr spectrum of a "heavy water solution had 
I mnuwi^ (1H); 579 (dd > 8, 1 1) (1H) and 6.95 (dd, 

5, 11) (1H); 6.56 (dd, 3, 17) (1H) and 7.08 (d,17) (1H). 

Example 1 1 
Isolation of sodium clavam-3-carboxylate 

Mother liquors and washings (1 1) obtained by the method described in 
fcxample 7(a) were adjusted to pH 3.0 with concentrated hydrochloric acid and 
extracted with ethyl acetate (2x1 1). The bulked ethyl acetate extracts were back 
extracted with water (250 ml) at pH 6.5 (pH adjusted with 1M sodium hydroxide) 
and the resulting aqueous solution passed down a column containing AG I — X2 
(Bio-Rad Laboratories) resin in the chloride cycle (column size: 74x2 5 cm) The 
column was washed with water (650 ml) and eluted with sodium chloride solution of 
gradually increasing concentration (500 ml, each of 0.1 M, 0.15M, 0.2M 0 25M) 25 
ml fraction being taken. * 

fractions 14 to 35 were bulked and passed down a column containing 
Pittsburgh carbon (column size: 16x2.5 cm). The charcoal was washed with two 
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bed volumes of water and eluted with acetone/water (4:1), 50 ml fractions being 
collected. Fractions 1 to 4 were bulked, the acetone removed by concentration 
under reduced pressure, and the residual solution freeze-dried to yield the title salt 
(1.4 g.). 

The infrared spectrum of Nujol mull showed broad peaks at 3400, 1770 and 5 
1600 cm" 1 . A 100 MHz proton nmr spectrum of a heavy water solution had rvalues 
of 4.48 (d,3) (1H); 5.26 (multiplet) (1H); 5.81 (dd, 8,11) (1H) and 6.96 (dd, 5,11) 
(1H); 6.56 (dd, 3,17) (IH) and 7.08 (d, 17) (1H). ^ 

The maximum E\ * m value reached by a solution of the compound in 1M NaOH 
was 415 at A m „258 nm. 10 

Example 12 
Magnesium clavam-2-carboxylate 
Diphenylmethyl clavam-2-carboxylate (979 mg), a stoichiometric amount of 
MgC0 3 and palladium on charcoal (ca. 300 mg) were added to absolute ethanol 
(100 ml). The mixture was rapidly stirred in a hydrogen atmosphere until the uptake 15 
of hydrogen had fallen to such a rate as to indicate less than 1% reaction per 
minute, the mixture was filtered through Celite 535 (a diatomaceous earth supplied 
by Johns Manville Inc. U.S.A.) (Celite is a registered Trade Mark) and the Celite 
washed with water. The pH of the aqueous ethanol filtrate was adjusted to 6 with 
Mg(OH) 2 solution and the aqueous solution washed twice with ethyl acetate and 20 
freeze-dried to yield the title salt (31.5 mg), A max (0.1M NaOH) 259—260 nm, E] 660. 

Example 13 
Methyl clavam-2-carboxylate 
An aqueous ethanol solution of magnesium clavam-2-carboxylate was 
prepared from diphenylmethyl clavam-2-carboxylate (230 mg) in similar manner to 25 
that described in Example 12. The solution was adjusted to pH 2.0 with HC1 solution 
and extracted twice with ethyl acetate. The bulked extracts were dried (Na 2 S0 4 ), 
filtered and diazomethane gas passed through for 4- hr. The resulting solution was 
evaporated to yield the title compound (117 mg) as an oil, A max (EtOH+l% 1M 
NaOH) 272 nm, E] 1080; [a] D -124° (c 0.16; EtOAc). 30 

Example 14 

2-Hydroxymethyl-clavam (I) and 3-formyloxymethyl-clavam (II) 
a) Harvest broth (130 1, pH 5.6) obtained as in Example 1 was clarified by 
centrifugation and the supernatant (110 I, pH 5.7) adsorbed onto carbon 
(Pittsburgh CAL, 13 1) in a column. The precipitate at the top of the column was 35 
removed, the carbon was washed with water (10 1) and the column was eluted with 
aqueous acetone (60% v/v, 40 1). 

Combined eluates (78 I, pH 6.2) from two lots of harvest broth were applied to 
a column of IRA 68 resin (chloride cycle, 5 1) , the effluent being collected and 
concentrated under reduced pressure. The pH of the concentrate (20 1) was 40 
adjusted to 7.0 with 40% aqueous NaOH solution. The concentrate was saturated 
with (NH 4 ) 2 S0 4 and extracted with ethyl acetate (3x10 1). The bulked extracts were 
dried (MgSOJ, filtered and concentrated under reduced pressure. 

Dry Sorbsil M60 silica (75 g) was added to the concentrated extract (50 ml), and 
the slurry was dried under reduced pressure. The solid remaining was applied to a 45 
column (140x3.5 cm) of dry Sorbsil M60. Elution with ethyl acetate:toluene (1:1 
v/v) yielded (II) (fraction between 350 and 2150 ml). (I) was then eluted with ethyl 
acetate (2600 ml). 

b) Purification of 2-hydroxymethyl-clavam 

The ethyl acetate containing (I) was concentrated under reduced pressure and 50 
applied to a column (60x 6cm) of Sephadex LH20 packed in ethyl acetate. The 
column was eluted with ethyl acetate. Fractions between 1050 ml and 1225 ml 
yielded (II), which was mixed with the fraction containing (II) from the previous 
column, and fractions between 1825 ml and 2400 ml yielded (I). A sample of the 
eluate containing (I) was dried to an oil (E] after 30 min. in 0.1N NaOH=906). 55 

c) Purification of 2-formyloxy-clavam 

The combined eluates from (a) and (b) containing (II) were concentrated 
under reduced pressure and the concentrate was applied to a column (60x6 cm) of 
Sephadex LH20 packed in ethyl acetate. The column was eluted with ethyl acetate, 
fractions between 1025 ml and 1350 ml yielding (II). A sample of the eluate 60 
containing (II) was dried to an oil (EJ after 60 min. in 0.1N NaOH=646). 
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WHAT WE CLAIM IS: 

I. A compound of the formula (I) 




(I) 



«MM ?„? tlf i£ f^ru hydroxymethyl group, said compound in deuteroacetone 
exhibiting the 100 MHz proton n.m.r. t values shown in Table I herein, and the 
corresponding compounds in which R is a formyloxymethyl group or a carboxyl or 
thereof 8 carboxyl Rroup or - in the case where R represents a carboxyl group, salts 
group compound as cIaimed in daim 1 wherein R represents a hydroxymethyl 

3 The compound as claimed in claim 1 wherein R represents a 
lormyloxymethyl group. 

MnJtCSf compound of claim 2 which has a negative molecular rotation [M]" in 
dimethyl sulphoxide of -166° or the formic acid ester thereof 

hoc 5 * T i hC C ° mp u un ,^ s w la i med in c,aim 3 ' a deuterochloroform solution of which 
nas t values in the 100 MHz proton nmr spectrum as shown in Table 2 herein 

6 A compound as claimed in claim 1 wherein R represents a carboxyl or 
estenfied carboxyl group, or when R is a carboxyl group, salts thereof. 

7. The acid as claimed in claim 6, the diphenylmethyl ester of which in a 
deuterochloroform , solution has t values in the 100 MHz proton nmr spectrum as 
shown in Table 3 herein. 

8. The acid as claimed in claim 6 or claim 7, the diphenylethyl ester of which 
has a negative molecular rotation [M]* 3 in dimethyl sulphoxide of -352° 

9 An ester of the acid as claimed in any of claims 6 to 8, wherein R represents 
an estenfied carboxyl group —COO R< wherein R' represents a straight or 
branched substituted or unsubstituted alkyl or alkenyl group having from 1—8 
carbon atoms; an aralkyl group having up to 20 carbon atoms: an aryl group 
having up to 12 carbon atoms; or a cycloalkyl group containing up to 12 carbon 
atoms optionally containing one or more heteroatoms in the ring system, and 
unsaturation optionally being present when a heteroatom is present 
group compound as claimed in claim 9 wherein R' represents a C,_« alkyl 

11. A compound as claimed in claim 9 wherein R' is a methyl group 
2. A compound as claimed in claim 9 in which R' is an arylmethyl group 
13. An alkali metal, alkaline earth metal, ammonium or organic base salt of the 
carboxyhc acid claimed in claim 6, claim 7 or claim 8. 
. . 14 j The sodium, potassium, lithium and magnesium salts of the carboxylic acid 
claimed in claim 6, claim 7 or claim 8. 

15. A pharmaceutical composition comprising an antifungal compound as 
claimed in any of claims 1—14 in which R is a hydroxymethyl, formyloxymethyl or 
estenfied carboxyl group and one or more pharmaceutical carriers or excipients 

16. A composition as claimed in claim 15 in a form suitable for oral, topical' 
rectal, mtravaginal or parenteral administration. 

17. A composition as claimed in claim 15 or claim 16 in a form suitable for 
topical administration. 

18. A composition as claimed in any of claims 15—17 containing the active 
compound at a concentration of from 0.1 to 95% by weight 

19 - A composition for horticultural or agricultural use which comprises one or 

more antifungal compounds as claimed in any of claims 1—14 in which R is a 
hydroxymethyl, formyloxymethyl or esterified carboxyl group in association with a 
carrier or diluent. 

20 A composition as claimed in claim 19 containing the active material at a 
concentration of from 0.01 to 40% by weight. ai a 

21. A composition as claimed in claim 19 or claim 20 in the form of a dust 
granulate, powder, pellet, spray, smoke or mist. 

. . 21 - A process for the preparation of a compound of formula (I) as claimed in 
claim 1 which comprises isolating the compound of formula (I) wherein R is a 

SSS^tSSSS^E^ ° r grOUp from a fennentSon brofh of a 

strain of Streptomyces clavuhgerus or where an ester of formula (I) is required. 
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Mt<> ,Ti' orocs* as claimad in claim 22 wharein the strain of Sr W asm.«a. 

—14 1st — - *r-~ 

present therewith. 26 wherein sa id separation step « effected 

a„d/o, fon»,.o*, m a«,y. 

compounds. i.-^^ in claim 27 where the anion-exchange resin is a 

polys?^^^ phenolic-polyamine or crossed 

CStCr 3? r A Sets as claimed in claim 29 or claim 30 in which the aqueous solut.cn 
is in the pH range 5—8. hich f the purification of the 

32. A process as claimed .in droxvmethy and/or formyloxymethyl. an 

compounds of formula m in l which R ^™J^«jy» n0 n-ionic resin onto which 
aqueous solution containing theseis c °" ta " e ? f impur ities are not retained, 
they are adsorbed ^^™ fi ^S^d^red compouiidi. . 
followed by elution of ^""S'g •„ wh ich for the purification of the 

is clarified or unclarified fermentaUon brot^ ^ ^ f entatio n 

35. A process as cla med *" "aun or adsorption-elution technique to 

broth is subjected to a filtration. ; ce « n *^ u ^ said separation step, 
remove unwanted broth compone^nts pnor to^ai v . g treateQ Wlth 

36 A process as claimed in claim 35 ™" c \" ™, n wh ich R represents a 
adsorbenfca P rbon, on which tthe »^yS1^1w and thC "* 

45 hydroxymethyl, ^^^^^S^SSS^Jtitc organic solvent. 

compounds are eluted with an .^"^".^^26— 36 wherein the compounds 
of formula $3S& or formyloxymethyl R roup are 

separated from each ^S^FSSSdn chromatography is effected on 

50 38. A P roces .^ S „,5 e TcomDaS cross linked dextran and elution is effected 

silica or an organic solvent-compauoic - th hydrocarbon, 

u ing ethyl acetate either.alone or in admixture with a ny ^ product 

thereof, is separated from >£punues C arboxyl compound is 

60 an anion exchange resin and elution 

therC £° A JJ^cSnOTiS S in which the anion exchange resin is a 
65 reSin 4T A tS^jSSnS in claim 42 or claim 43 wherein removal of clavulamc 



at hi2"£j P 5 OC . ess .- as C ! aimed in cIaim 45 w herein a water-miscible organic solvent 
fhJ S i h ,? oncent .ration is incorporated into the solution of the lithium salt used for 

c„i„A» A pr ° cess M claimed in claim 46 wherein said water miscible oreanic 

of sag- i»»^x h ««att 

adsorbent carbon and eluted I therefrom with an ■aioT^yJSto2lJ2f 
r„ ?■ V°v Cess - "corned in any of claims 44-48 wherein thVcomoound of 
formula (I) wherein R represents a carboxyl grouo is isolated fL Ki, 

m wnicn K is a carboxyl group IS obtained therefrom by deesterification 

reesterified rOCCSS ** 50 in Which the acid of formula G> obtained is 

m inlhlrp C - SS 35 c,aimed in a °y ? f claims 41 to 49 in which the acid of formula 
(I) in which R is a carboxyl group is esterified without isolation of said acid 

55. A process as claimed in claim 52 in which esterification i'« effVr^H r> n 

57' £ P „[n"« « Si"™ 6 *, Cl , aim 22 substantially as hereinbefore described 
wiUt^S^fiSSSi" Cl3,m 22 Substantia »* - hereinbefore ttsc^ 

wntn^ 

claimed in StfSfa&FaAr* Whe " eVer prepared * 3 *™™ as* 

60 The cnmn^n5 £ C \^ m I su ^tantially free of any isomeric material. 
60. The compound of claim 3 substantially free of any isomeric material 
62 T^°!^ Und °J C i aim - 6 s " bsta n^lly free of any isomeric Material 
S*JL£i 23£SS ° f da,m 2 WhCneVCr Pr ° duCed b * the fermentation of 
SinSLSZ SS° f Cl3im 3 WheneVCr Pr ° duced b * the ^mentation of 
„ w 64 * i A com P? und of claim 6 wherein the compound in which R reDresents a 

SSffliWA? fCT ~ s of SI 1 

derivtd iSKriS™" 0 ™" 1 ° f Chim 2 subs """ i »»>' *« f'om olher fcn.enu.tion- 
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66. The compound of claim 3 substantially free from other fermentation- 
derived material. 

67. A compound of claim 6 wherein R represents a carboxyl group 
substantially free from other fermentation-derived material. 

For the Applicant, 
FRANK B. DEHN & CO., 
Chartered Patent Agents, 
Imperial House, 
15 — 19 Kingsway, 
London, W.C.2. 
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